SUMMARY The population ofneurons and the neuronal size in the nucleus basalis of Meynert (nbM) were studied in 20 patients with definite Creutzfeldt-Jakob disease (CJD). When compared with a normal control group, the 20 CJD brains showed a significant loss of neurons and reduction of neuronal size, mainly in the middle level of the nbM and mostly affecting the right side. Since these findings show some parallelism with the amount of cortical damage and given the scarce gliosis and spongiosis found in only six of the 20 CJD brains, we postulate that the involvement of the nbM in CJD is a retrograde abnormality secondary to the damage of the neocortex.
diseases and without dementia, with a mean age at death of 61-8 years, ranging from 46 to 76 years.
In each case one block of 7 x 10 x 25 mm of the basal forebrain was obtained from both cerebral hemispheres by cutting behind the optic chiasm, in front of the mamillary bodies, at 10 mm from the subarachnoid space over the anterior commissure and 25 mm lateral to the third ventricle through the putamen, as described by Hedreen et al."5 Since some of CJD brains had been previously used in other investigations, we studied the parts of the blocks that were still available. The anterior, middle and posterior regions of the nbM were identified according to Gorry's description, '6 while the anteromedial and anterolateral regions determined by Mesulam et al7 in the rhesus monkey were often impossible to identify. Hence, the anterior region was considered as a whole.
Paraffin-embedded sections 15 ,m thick were obtained, and at least 30 sections from each hemisphere including the three regions of the nbM were studied by the cresyl violet stain method. For the total neuronal count we selected two sections from the anterior region, four sections from the middle region and two sections from the posterior region. In each slide we took photographs of 2 x 3 mm area showing the highest cell density at x 40 magnification. The cell counting was conducted on a blind basis by two independent observers using photographs projected on a checkered screen. The counts performed by each observer were highly correlated (r = 0 847) (p < 0-001) and the slope for the straight line obtained was 0 965.
All neurons with a diameter of 30 um or more were counted regardless of any morphological alteration and the results were separately compared for the right and left hemispheres by a nested analysis ofvariance.'6 Since most of the projections to the neocortex arise from the middle region of the nbM, we selected a slide of the right or left middle region showing the maximum cell density and the greater 304
The nucleus basalis of Meynert in 20 definite cases of Creutzfeldt-Jakob disease In most of CJD brains the nbM had lost its normal fusiform shape, appearing as a retracted, flat and less dense cellular band (see fig 1) . Mild spongiform a. change affecting the nbM was observed in only two cases. In another four there was spongiosis of the Y innominate substance without evident involvement of the nbM (fig 3) . Haematoxylin-eosin stains showed 94 marked glial proliferation in the nbM of two of the 20 CJD brains, while moderate gliosis was observed in * another four cases.
A remarkable neuropathological feature displayed by the nbM in all CJD brains was the rounded shape of 'Lt Q'~most of the neurons, showing intracytoplasmic W t **-vacuoles with a tendency to aggregate, displacing the gi nucleus and conferring a foamy aspect on the affected neurons (fig 4) . In addition, fine intra-and extravacuolar granules reminiscent of the hippocampal case. Spongiosis ofthe granulo-vacuolar degeneration were also present ivement ofthe nucleus within the neurons, although showing different stainwreased size ofneurons in ing characteristics. 
Discussion
The study of the nbM in our 20 CJD cases shows a substantially diminished number of those neurons with a diameter over 30pm, which correspond to most of the cholinergic neurons,'9 while a decreased size of all neurons was observed in an area studied in the middle region of the nbM, in sharp contrast to the scarce gliosis and spongiosis that characterise CJD.
The The high percentage of neurons smaller than 30!m that was found in an area of the middle region of the nbM is remarkable in our CJD cases. Since the measurement of neurons was performed in an area with the largest cell density, the number of neurons measured in each CJD and control brains were alike. This and the flat and less dense aspect of the nbM in CJD brains shows that in addition to neuron loss, there is a consistent reduction in neurons size. However, it is not possible to prove whether the number of neurons smaller than 30pm size does not change.
The neuronal alterations described above in the present cases are comparable to similar findings reported by Pearson et al22 in monkeys and humans after cortical ablations and by Sofroniew et al23 in rat brains following cortical injuries. This and the relationship observed between the reduced size of neurons in the nbM and the intensity of the cortical damage highly suggest that the neuronal alterations of the nbM in CJD cases are secondary to the cortical lesions.. Thus, it is probable that in CJD the cortical synapses are not specifically affected through the primary damage in the regions of membrane Cartier, Verdugo, Vergara, Galvez apposition,24 leading to a retrograde involvement of the nbM. Conversely, a specific and perhaps pathogenic involvement of presynaptic cholinergic cortical terminals has been hypothesised in patients with AD.42 26 An additional support for the hypothesis of a secondary damage of the nbM in CJD patients is the scarce gliosis and spongiosis displayed by this nucleus, in sharp contrast with that observed in the cerebral cortex of our 20 CJD cases.
The lack of relationship between the intensity of the histopathological changes of the nbM in CJD cases and the total duration of the disease does not rule out the hypothesis of a retrograde degeneration of the nbM, since the intensity of the cortical damage is related to the anatomoclinical form of the disease rather than to its total duration.2" In accord with the hypothesis proposed by Clark et al,7 the dementing processes can be classified into two groups. First, those associated with a severe decrease of cortical cholinergic activity and a significant loss of nbM neurons, as occurs in AD patients. Second, those without impairment of the cortical cholinergic activity and with an unharmed nbM, as in Huntington's disease. Nevertheless, we believe that it is also important to determine ifthe changes in the nbM observed in some dementing diseases, such as CJD, is either primary or secondary to the cortical damage.
